Objective: To introduce the concept 'nutrition activation' (the use of health and nutrition information when making food and diet decisions) and to assess the extent to which nutrition activation varies across racial/ethnic groups and explains dietary disparities. Design: Cross-sectional sample representative of adults in the USA. Primary outcome measures include daily energy intake and consumption of sugarsweetened beverages (SSB), fast foods and sit-down restaurant foods as determined by two 24 h dietary recalls. We use bivariate statistics and multiple logistic and linear regression analyses to assess racial/ethnic disparities in nutrition activation and food behaviour outcomes. Setting: USA. Subjects: Adult participants (n 7825) in the 2007-2010 National Health and Nutrition Examination Survey. Results: Nutrition activation varies across racial/ethnic groups and is a statistically significant predictor of SSB, fast-food and restaurant-food consumption and daily energy intake. Based on the sample distribution, an increase from the 25th to 75th percentile in nutrition activation is associated with a decline of about 377 kJ (90 kcal)/d. Increased nutrition activation is associated with a larger decline in SSB consumption among whites than among blacks and foreign-born Latinos. Fastfood consumption is associated with a larger 'spike' in daily energy intake among blacks (+1582 kJ (+378 kcal)/d) than among whites (+678 kJ (+162 kcal)/d). Conclusions: Nutrition activation is an important but understudied determinant of energy intake and should be explicitly incorporated into obesity prevention interventions, particularly among racial/ethnic minorities.
It is of critical importance to identify effective strategies to reverse secular increases in overweight and obesity prevalence that have occurred in most developed countries over the last several decades (1, 2) . To achieve this, we must better understand the multilevel factors and causal pathways that generate substantial disparities in overweight and obesity prevalence between racial/ethnic groups and across socio-economic strata. In the USA, for example, 76·9 % of Latino adults were overweight or obese in 2007-2008, compared with 73·7 % of blacks and 67·5 % of whites (3) . Disparities in overweight and obesity are likely a reason why 45 % of Latino men and 40 % of black men born in the USA in 2000 will develop diabetes in their lifetime, compared with just 27 % of white men and 31 % of white women (4) . Obesity is fundamentally the result of energy imbalance; weight gain results when energy intake exceeds expenditure (5, 6) . Thus, a strategy to combat the obesity epidemic is to support populations to reduce energy intake through improved diet healthfulness. Diet is shaped by multilevel public policy, environmental, social, cultural, interpersonal and individual factors (7) (8) (9) (10) (11) . At the individual level, diet is shaped by psychosocial factors including knowledge, attitudes and beliefs (12) . Unhealthy diet has been linked to a variety of sociodemographic factors, particularly poverty and low educational attainment (13) (14) (15) (16) . More recently, researchers have posited that environmental factors may drive disparities in food purchasing and diet, since low-income populations and racial/ethnic minorities tend to live in neighbourhoods with fewer supermarkets and more fast-food restaurants, liquor stores and other unhealthy food outlets (10, 17, 18) . Multiple studies have found that high access to fast-food restaurants is, in fact, associated with increased consumption of fast foods (10, 19) . Frequent consumption of fast foods is associated with poorer diet quality, although less is known about the impacts of other types of restaurant (10, (20) (21) (22) . In the USA, federal programmes have developed several tools geared towards helping individuals make healthy food choices. For example, dietary recommendations and guidelines are disseminated through national campaigns such as MyPlate, which provides a pictorial, plate-based representation of recommended proportions of a meal that should be from different food groups (e.g. protein, vegetables, dairy). Packaged foods include food labels that provide information on ingredients lists, nutrient contents, recommended serving sizes and the contribution of the item towards daily intake recommendations (i.e. the 'percent daily value'). In Latin America, the European Union and several other countries, governments have also mandated nutrition facts labels, developed more comprehensible, consumer-friendly health information, and/or limited food companies' ability to make health claims on food packages (23, 24) . While the development and availability of nutrition labels on packaged foods has been a great public health success, consumer use and comprehension of nutrition labels vary greatly based on sociodemographic characteristics, knowledge, literacy levels and motivation (25) . Contributing to consumer confusion and misunderstandings is the variation between front-and back-of-package food labels, which can lead to misleading information, inappropriate portion sizes and confusing calculations (26) . Literacy and numeracy skills are important concepts in the nutrition literature and are associated with food label comprehension, as well as food label viewing time and portion-size estimation (27) (28) (29) . Moreover, measures of health literacy, including the Newest Vital Sign, have been developed to measure the concept within the context of nutrition labelling (30) . Broadly, health literacy is defined as the ability to obtain, process and understand basic health information to make informed health-related decisions (31, 32) . While the Newest Vital Sign has been an important development in the measurement of health literacy, concerns arise that the measure is not culturally competent and that the Newest Vital Sign in fact measures a functional nutrition literacy concept that is distinct from health literacy (33, 34) . Applying the widely used health literacy framework proposed by Nutbeam, functional nutrition literacy can be defined as the ability to comprehend nutrition information presented on food labels (31) . Application or use of information is another important facet that is not captured by functional nutrition literacy, which focuses more on cognitive ability. Importantly, potential mechanisms through which nutrition information could impact diet quality must not only include individuals' ability to read and understand nutrition information and food labels, but must also extend to use and application of nutrition labels for food purchasing. Similarly, it is important to understand how social, cultural and economic factors influence both functional nutrition literacy (i.e. ability to use) and actual use and application of available information.
A parallel yet distinct literature to health literacy that continues to expand and gain traction in the field has found that 'activated' patients who are more confident and engaged in their health care demonstrate increased satisfaction with care and better outcomes. Patient activation refers to patients' understanding of their own roles in the care process and having the knowledge, skill and confidence to manage their own health and health care (35) . A large and growing literature suggests that more activated patients are more likely to utilize preventive health care (e.g. regular check-ups, screenings and immunizations), engage in healthy behaviours (e.g. healthy diet and regular exercise) and avoid unhealthy behaviours (e.g. smoking and illegal drug use) (35) (36) (37) (38) (39) (40) . The aforementioned literature has demonstrated that patient activation and health literacy are distinct concepts and that both contribute to variations in health behaviours. The health literacy and patient activation literatures, which have largely been framed within the context of health care, may have implications for how we understand the mechanisms through which available nutrition information may impact an individual's diet. In the current study we present and explore the concept of 'nutrition activation'. Drawing from the patient activation literature, we define nutrition activation as the extent to which individuals actually use available health and nutrition information when selecting between food and beverage items for purchase or consumption. In contrast to nutrition literacy, a related but distinct concept, nutrition activation refers to actual use and application of information, rather than the cognitive abilities necessary to accurately process that information.
Conceptual framework
In the current study we seek to use nationally representative data from the USA to disentangle the relationship between race/ethnicity, nutrition activation, food behaviours (e.g. consumption of restaurant food) and diet healthfulness. We present the conceptual framework that guides the study in Fig. 1 . The framework serves as a visual representation of the following hypotheses:
H1. Racial/ethnic groups vary in their levels of nutrition activation.
H2. Nutrition activation is associated with food-related behaviours (i.e. consumption of restaurant foods and sugar-sweetened beverages (SSB)) and diet.
H3. Race/ethnicity moderates the relationship between nutrition activation, food-related behaviours and diet.
H4. Race/ethnicity moderates the relationship between restaurant-food consumption and diet.
Our framework and hypotheses are based on the literatures regarding health literacy and health disparities in nutrition and diet. Documented racial/ethnic differences in health literacy suggest the potential for disparities in nutrition activation, which may be an important but underexplored mechanism for disparities in food behaviours and diet healthfulness (5, 41, 42) . Complex interrelationships between race/ethnicity, nutrition activation, food behaviours and diet healthfulness are important to examine because they may be substantively important for identifying pathways that produce disparities as well as addressing disparities. Specifically, we believe racial/ ethnic minorities, particularly foreign-born Latinos, may benefit less from nutrition activation because nutrition information is typically not culturally or linguistically tailored for these groups. If highly activated minorities receive less of an advantage in diet healthfulness, this would likely underscore the need for culturally competent nutrition information and food labels. Finally, a broad literature suggests different food cultures both between (e.g. whites and blacks) and within (e.g. US-and foreign-born Latinos) racial/ethnic groups (43) (44) (45) (46) (47) (48) (49) . Understanding whether the contribution of foods prepared away from home to diet healthfulness varies across racial/ethnic groups will inform strategies to reduce disparities.
Materials and methods

Data source
We use data from the public-use data files of the 2007-2010 National Health and Nutrition Examination Survey (NHANES). These data are publicly available through the website of the National Center for Health Statistics (http://www.cdc.gov/nchs/nhanes/) and do not contain personally identifying information. Thus, the present study does not meet the definition of human subjects research and no institutional review board approval was sought.
NHANES is a continuous series of annual studies that has been conducted since 1999 and is designed to assess the health and nutritional status of adults and children in the USA. NHANES uses a complex, multistage sampling design to obtain a sample representative of the noninstitutionalized US population. NHANES uses oversampling to produce sub-samples representative of particular under-represented groups, including children and adolescents, people living in low-income households and racial/ethnic minorities. NHANES includes a core interview component, a physical examination and two 24 h dietary recalls. Importantly for the present study, the first 24 h recall was conducted in person after the physical examination; the second recall occurred over the telephone three to ten days later. At the conclusion of the second (telephone) recall, participants were also asked to participate in an additional module regarding various consumer behaviours, primarily regarding food purchasing. Further details on the sampling strategy and study design employed by NHANES are available elsewhere (50) .
Analytic sub-sample
In the present study we restrict our analyses to 7765 adult NHANES participants who met the following inclusion criteria: (i) age ≥ 20 years; (ii) self identified as white, black or Latino (i.e. we excluded those characterized as 'other' or 'multiracial'); (iii) participated in at least one of two 24 h dietary recalls; and (iv) had complete data regarding our independent and dependent variables. Of the 20 686 total participants in the 2007-2010 NHANES, we exclude from our analyses 8533 who did not meet the age criteria, 596 who did not self-identify as white, black or Latino, 891 who did not participate in at least one day of the dietary recall and 2107 who did not participate in the consumer behaviour telephone follow-up. We further exclude participants with incomplete data regarding educational attainment (n 7), income (n 723) or marital status (n 4).
Outcome variables
We examine racial/ethnic disparities in four outcomes: (i) daily energy consumption; (ii) consumption of foods or beverages from a fast-food restaurant; (iii) consumption of foods or beverages from a sit-down restaurant; and (iv) consumption of SSB. Data for all outcomes is from either one or two days of assessment via 24 h dietary recalls. We operationalize daily energy consumption as mean consumption of energy across the two recall days; for those who participated in only one day of recall, we assess daily energy consumption during that one day. The nutrient contents of diets reported in NHANES are determined using the US Department of Agriculture's Food and Nutrient Database for Dietary Studies. We define consumption of fast food or restaurant food as a binary variable indicating whether participants consumed any food or beverage item from a fast-food or sit-down restaurant, respectively, on a given day. Participants self-report the source (e.g. supermarket, restaurant) of each food item that they have consumed. We define consumption of SSB as the number of items consumed that fall within this category. We use US Department of Agriculture food codes in the original NHANES data set to identify SSB.
Independent variables
Race/ethnicity
The focal independent variable in the present study is participants' self-reported race/ethnicity. We characterize race/ethnicity as follows: (i) white; (ii) black; (iii) US-born Latino; and (iv) foreign-born Latino. We exclude participants who self-identified as 'multiracial' or 'other' from our analyses, because the lack of more detailed information regarding the race/ethnicity of these participants would preclude us from drawing conclusions about disparities relative to other groups (i.e. whites). We separate US-from foreign-born Latinos because a broad literature has established that health behaviours, including diet, vary substantially between these groups (44, 51) .
Nutrition activation
We define nutrition activation as the extent to which people actively use available nutrition information to inform their decisions when shopping for food. We develop an index of nutrition activation using information from six NHANES items regarding use of nutrition facts panels, ingredients lists, serving size information, percent daily values, health claims and expiration dates. These items are assessed via questions with the following form: 'How often do you use (the list of ingredients on a food label) when deciding to buy a food product? Would you say always, most of the time, sometimes, rarely, or never?' We believe that these indicators of nutrition information use are all sub-measures of a larger nutrition activation construct, because they each represent a behaviour consumers actively engage in when selecting between packaged food items. To test this belief, we conducted a factor analysis of the six ordinal items using a polychoric correlation matrix. All six items loaded most strongly on a single factor, which we interpret as support for a single construct. To aid interpretation of our results, we also constructed a more intuitive 'nutrition activation index' by summing responses to questions regarding each of the six information sources using the following scoring: 'never' = 0, 'rarely' = 1, 'sometimes' = 2, 'most of the time' = 3, 'always' = 4. This results in an index with response options ranging from 0 to 24. In sensitivity analyses, we ran all multivariable models separately with the factor scale and the additive index. The results for all models were qualitatively equivalent, so we included the additive model (rather than the factor) because we believe it is a more intuitive measure of the underlying nutrition activation construct. For descriptive purposes, we also present the proportion of participants who report either 'always' or 'most of the time' for each of the outcomes.
Potential confounders
In multivariable analyses we control for several potential confounders that may be associated with race/ethnicity, nutrition activation and diet. These include participants' age, gender, marital status, educational attainment, household income, family size and the day of the week of the 24 h dietary recall. These variables are assessed using standard instruments and methodologies; further details are available on the NHANES website (http://www.cdc.gov/nchs/nhanes/).
Statistical analyses
We present the percentage distribution of all categorical variables and the mean and 95 % confidence interval for all continuous variables. Because our primary interest is in identifying and examining racial/ethnic disparities, we stratify each of these statistics by participants' race/ ethnicity.
We further present six logistic regression models to assess the extent to which food behaviours vary based on race/ethnicity and the nutrition activation index. Outcomes for these models include the following: (i) consumption of any food or beverage item from a fast-food restaurant on recall day 1; (ii) consumption of any food or beverage item at a sit-down restaurant on recall day 1; and (iii) consumption of any SSB on recall day 1. Each model adjusts for race/ethnicity, nutrition activation index and all potential confounders outlined above. For each outcome, we present a model that further adjusts for an interaction between race/ethnicity and nutrition activation. We use dichotomous outcomes for each of these models because the distributions of continuous outcomes (e.g. number of SSB consumed) were highly skewed and right tailed. We were unable to identify a transformation of the outcomes (e.g. square root) that would approach a normal distribution.
Finally, we present a series of four linear regression models of mean energy consumption across the two days of recall (or for one day among those participants who responded only to one day). Model 1 predicts energy consumption based on race/ethnicity, the nutrition activation index, a variable representing consumption of fast food or restaurant food on one or both days of recall, the mean number of SSB and alcoholic beverages consumed across the recall days, and potential confounders. Models 2, 3 and 4 further include interaction terms aligned with our hypotheses and conceptual framework. Specifically, models 2 and 3 include interactions between fast-food and restaurant-food consumption, respectively, and race/ethnicity to understand whether the contribution of fast-food and restaurant-food consumption, respectively, to daily energy intake varies across racial/ethnic groups. Model 4 includes interactions between race/ethnicity and the nutrition activation index to understand whether the energetic effects of being 'activated' vary by race/ethnicity.
For all analyses, we use sample weights included in the NHANES public-use files that account for non-response, the complex design of the study and post-stratification. Further details regarding the construction and use of samples weights are available on the website of the National Center for Health Statistics. We conducted all analyses using the statistical software package Stata version 12.
Results
In Table 1 we present sociodemographic characteristics and food behaviour outcomes stratified by participants' race/ethnicity. US-born and foreign-born Latinos in the sample were, on average, younger than whites and blacks. Over half of foreign-born Latinos had less than a highschool education compared with one-quarter of blacks and US-born Latinos and one-eighth of whites. Mean income among all minority groups was significantly (P < 0·001) lower than that than among whites.
Food behaviours also varied across racial/ethnic groups. Nearly 40 % of blacks and US-born Latinos reported consuming fast food on recall day 1, compared with less than 30 % of whites and foreign-born Latinos. In contrast, consumption at sit-down restaurants was lower among blacks and foreign-born Latinos than among whites and US-born Latinos. These patterns were consistent for the second day of recall. Relative to racial/ethnic minorities, whites were less likely to consume SSB. Mean daily energy consumption was lowest among foreign-born Latinos (8289 kJ (1981 kcal)/d) and highest among US-born Latinos (9201 kJ (2199 kcal)/d).
In Table 2 we report on nutrition activation; that is, the percentage of participants who report that they 'always' or 'most of the time' use various sources of information regarding the nutritional content and healthfulness of the packaged foods they purchase. Across the entire sample, the most frequently reported information used when purchasing packaged food items was the expiration date (82 % of the sample) followed by the nutrition facts panel (40 % of the sample). In general, foreign-born Latinos reported greater use of these information sources than other groups. This is evident in the average nutrition activation score of 14·1 among foreign-born Latinos, relative to 12·7 among whites and US-born Latinos and 13·4 among blacks, respectively (P < 0·001).
In Table 3 we present the results of six logistic regression models predicting consumption of fast food (models 1 and 2), restaurant food (models 3 and 4) and SSB (models 5 and 6) on the first day of recall. These results reveal several interesting patterns. Models 1 and 3 suggest that, after adjustment for other factors, many differences in food behaviours between racial/ethnic groups are no longer statistically significant. The one exception is that foreign-born Latinos have 30 % greater odds of consuming SSB relative to whites (P < 0·05). Age, gender and educational attainment are also significantly associated with the food outcomes. Income is positively associated with consumption at restaurants, but negatively associated with consumption of SSB. Interestingly, nutrition activation is negatively associated with fast-food and SSB consumption, but has no impact on restaurant-food consumption. After adjustment for other factors, a one-point increase in the nutrition activation index is associated with a 1·8 % decline in the odds of fast-food consumption (P < 0·05) and a 7·2 % decline in the odds of consuming at least one SSB (P < 0·01). The interaction terms in model 2 suggest that there is no variation across racial/ethnic groups in the impact of nutrition activation on consumption of fast food. In contrast, model 6 indicates that the benefit of nutrition activation in lowering SSB consumption is less among blacks (P < 0·01) and foreign-born Latinos (P < 0·01) than whites.
We present the results of three linear regression models predicting mean daily energy consumption in Table 4 . In model 1, we adjust for sociodemographic characteristics, nutrition activation and consumption of fast food, restaurant food, SSB, diet beverages and alcoholic beverages. After adjustment for the other factors, blacks and foreign-born Latinos consume less energy than whites (P < 0·05 in both cases), while there is no significant difference between US-born Latinos and whites. A one-point increase in the nutrition activation index is associated with a decline of 54 kJ (13 kcal; P < 0·001). Further, consumption of fast food is associated with an increase of 837 kJ (200 kcal; P < 0·001) and consumption of restaurant food with a 598 kJ (143 kcal) increase (P < 0·01), while consumption of each additional SSB is associated with an increase of 816 kJ (195 kcal; P < 0·001). In model 2 we further include interaction terms to assess whether the impact of fast-food consumption on daily energy consumption varies across racial/ethnic groups. We find that fast-food consumption among blacks is associated with an increase in daily energy consumption that is 904 kJ (216 kcal) greater than the increase among whites (P < 0·05). We find no such difference across race/ ethnicities in the impact of eating at sit-down restaurants. In model 4 we include interaction terms to assess whether the impact of nutrition activation varies by race/ethnicity. We find no significant difference across racial/ethnic groups in the association between the nutrition activation index and daily energy consumption.
Discussion
A robust literature has documented racial/ethnic disparities in diet and obesity (52) . In general, whites and foreign-born Latinos in the USA demonstrate more healthful diets and lower obesity rates relative to blacks and US-born Latinos (2) . Interestingly, the 'immigrant health advantage' experienced by foreign-born Latinos erodes over time, such that longer-tenured immigrants tend to have similar health status to their US-born counterparts (53) (54) (55) . Further literature from the field of health literacy suggests that racial/ethnic minorities also experience disadvantage relative to whites in access and use of health information (56) (57) (58) . In the current study we attempt to assess whether the above patterns are linked by examining the extent to which nutrition activation (i.e. use of nutrition information) explains racial/ethnic disparities in food behaviours and diet healthfulness.
The results of the present study provide several insights for diet and obesity research and practice. An important study finding is that, in support of our first hypothesis, racial/ethnic groups demonstrate somewhat different levels of nutrition activation, with nutrition activation higher among foreign-born Latinos and blacks than whites or US-born Latinos. Comparatively higher activation levels among foreign-born Latinos and blacks contrast with our a priori expectations, as well as patterns observed in the broader field of health literacy (5, 41, 42) . This higher engagement in food choices and decision making may contribute to the immigrant advantage in diet and health.
Consistent with our second hypothesis, nutrition activation is an important determinant of food-related behaviours. Mean nutrition activation among our sample was 13 on a 24-point scale, with an interquartile range of 10-17. In multivariable analyses we found that, after adjustment for other factors, a one-point increase in nutrition activation was associated with roughly a 54 kJ (13 kcal) decline in daily intake. Thus, an increase from the 25th to 75th percentile in nutrition activation would be associated with a decline of about 377 kJ (90 kcal)/d. A frequently used, although admittedly simplistic, estimate is that an increase (decrease) of 14 644 kJ (3500 kcal) is roughly equivalent to an 0·45 kg (1 lb) increase (decrease) in body weight (59) . Thus, moving a person at the 25th percentile in nutrition activation to the 75th percentile would be associated with approximately a 4·10 kg (9 lb) decrease in weight over the course of one year.
Our third hypothesis was that the relationship between nutrition activation and food behaviours would vary across racial/ethnic groups. Specifically, we believed that minorities, and particularly foreign-born Latinos who tend to primarily speak Spanish, would benefit less from using nutrition information than whites. We found that nutrition activation is associated with frequency of fast-food and sit-down restaurant-food consumption and daily energy intake; however, the impact of nutrition activation on these outcomes was not significantly different across groups. This may suggest that public health efforts should focus broadly on activating consumers.
In contrast, the relationship between nutrition activation and SSB consumption was significantly reduced among blacks and foreign-born Latinos relative to whites. This suggests that greater consumption of SSB among blacks and foreign-born Latinos at the group level may be driven by disparities at the higher end of the nutrition activation spectrum (i.e. low-activation blacks and whites are equally likely to consume SSB, but high-activation whites are less likely than high-activation blacks).
A further important finding of the current study is that racial/ethnic groups vary in the 'bump' that eating at a fastfood or sit-down restaurant makes towards daily energy intake. For example, whites who had eaten at a restaurant demonstrated daily intake approximately 678 kJ (162 kcal) greater than those who had not; this energy spike was approximately 1590 kJ (380 kcal) among blacks. The 'bump' in energy from eating at sit-down restaurants was greatest among US-born Latinos; however, the difference between US-born Latinos and whites was not statistically significant. Given the frequency with which individuals of all race/ethnicity report consuming prepared meals, these differences may be an important pathway for obesity disparities. Thus, interventions should seek to not only reduce the frequency with which individuals consume meals prepared outside of home, but also to improve food decision making when people do eat at restaurants.
It is important to stress that we conceptualize nutrition activation as the extent to which individuals use health and nutrition information when selecting between food and beverage items for purchase or consumption. In other words, nutrition activation is the application of relevant information to food-related behaviours. This is a distinct concept from functional nutrition literacy, which refers to the cognitive ability necessary to process and understand nutrition information. A plausible explanation for our finding that nutrition activation has less of an impact on SSB consumption among minorities is that functional 25·9, 30·6  34·8  31·2, 38·3  27·0  22·4, 31·5  35·8  32·7, 39·0  29·5  27·8, 31·2 <0·001   Use serving size  28·5  26·2, 30·7  32·8  29·6, 36·0  25·9  21·6, 30·1  34·6  32·0, 37·2  29·3  27·5, 31·1 0·004  Use percent daily  value   22·2  20·3, 24·1  29·5  26·4, 32·5  24·5  20·9, 28·1  36·9  33·3, 40·5  24·2  22·6, 25·8 <0·001   Use health claims  23·4  21·5, 25·2  34·4  31·4, 37·4  32·1  26·5, 37·7  40·0  36·6, 43·3  26·3  24·9, 27·7 <0·001  Use expiration  date   80·8  79·2, 82·4  88·0  86·6, 89·5  85·5  81·5, 89·5  83·5  80·1, Percentages refer to the percentage of participants within each racial/ethnic stratum who engage in a given activity 'most of the time' or 'always'. The nutrition activation index is a sum of scores on all other items, with responses for each item ranging from 'never' (score = 0) to 'always' (score = 4). Outcomes are for day 1 of the dietary recall. Each model further adjusts for day of the week. *P < 0·05, **P < 0·01, ***P < 0·001. The outcome is mean daily energy consumption across both days of dietary recall, measured in kilocalories (1 kcal = 4·184 kJ). *P < 0·05, **P < 0·01, ***P <0·001.
nutritional literacy regarding SSB may be lower among these groups. Strategies for decreasing SSB consumption among blacks and foreign-born Latinos should thus focus both on increasing activation and developing culturally competent, comprehensible SSB labels and healthy beverage marketing campaigns.
The present study has a number of important limitations. As with any observational study, it is impossible to establish causality between independent and dependent variables. An unknown portion of observed associations could be due to confounding (i.e. an unmeasured third variable may cause consumers to become more activated and to eat better). We attempted to minimize the likelihood of confounding via multivariable analyses controlling for income, education and other sociodemographic characteristics. It is important to highlight that we were unable to explicitly control for many psychosocial, sociocultural and food environmental factors that are likely to vary by race/ethnicity and may impact both nutrition activation and diet (e.g. food advertising is tailored and targeted differently based on race/ethnicity, is explicitly intended to impact food choice and may impact nutrition activation). These unobserved differences likely drive a portion of racial/ethnic disparities in diet and may represent an unknown bias on our observations regarding the association between nutrition activation and diet. The majority of our measures are based on participant selfreport and thus subject to recall bias, social desirability bias and other forms of measurement error. As a secondary analysis, our study was limited in its component measures of nutrition activation. Although we feel confident that NHANES measures important subdimensions of the larger nutrition activation construct, it is likely that additional sub-dimensions may not have been included. This limitation notwithstanding, we conducted a principal components factor analysis and found that our component measures of nutrition activation loaded strongly on the same factor. As a sensitivity analysis, we conducted all multivariable analyses using the additive index as well as the scale derived from the factor analysis. For all models, outcomes were qualitatively equivalent, so we chose to use the additive index for the sake of simplicity. Similarly, we conducted sensitivity analyses regarding our use of logistic regression models to examine determinants of SSB consumption. Findings between logistic and ordered logit models were extremely similar, so we chose to include logistic models because of their more approachable interpretation.
We believe the study also has notable strengths. NHANES is a rigorously conducted, nationally representative study and thus highly generalizable. Furthermore, the study includes a broad range of nutrition-and diet-related variables, which enabled us to construct a reasonable measure of nutrition activation. The present study is one of few of which we are aware to assess racial/ ethnic variation in active use of nutrition information as well as the impact of that use on food behaviours. This approach has elucidated several pathways that may contribute to important health disparities. Further research should be conducted to develop more robust, systematic and multidimensional measures of nutrition activation and confirm our findings.
Conclusions
In conclusion, nutrition activation is an important determinant of food behaviours, varies within and between racial/ethnic groups, and has significant room for improvement. Across racial/ethnic groups, improved nutrition activation is consistently associated with decreased frequency of restaurant-food consumption and lower daily energy intake. Interventions to improve nutrition activation among all populations may be a useful but understudied strategy to combat secular increases in obesity. Importantly, we found that blacks and foreignborn Latinos consumed more SSB than whites, but highly activated consumers from these groups received less of a protective effect against SSB consumption than their white counterparts. This suggests that development of culturally competent beverage labels and marketing campaigns may be a useful strategy for curbing disparately high SSB consumption among blacks and foreign-born Latinos.
